tensile stress and magnetic field strength. The maximum value of the modulus increases with the gradient 1.88 per 'C. The hysteretic angle and the loss tangent decrease with increasing tensile stress at constant temperature and magnetic field strength, but increase with increasing temperature at constant tensile stress. With constant tensile stress and constant temperature, the total power loss in the core increases with the 1.83 power of the magnetic induction, and the hysteress loss increases with the 1.69 power of the magnetic induction. * The loss tangent and the total and hysteresis power losses are all higher than previously measured with single galvanized steel wires. This is probably attributable to the effects of the additional cold work undergone by the wires in the core during performing and stranding. In order to take into account the effects of uncertain data during simulations, it is thought more appropriate to enquire as to the range of all plausible system conditions that would be encountered as a result of expected uncertainties in demand and system parameters. From this viewpoint, feeder loads, network parameters and the calculated feeder node voltages are characterized not by unique values but by ranges of values, i.e, by intervals with confidence levels. In this paper, an iterative procedure that involves fuzzy arithmetic is used to compute feeder node voltages. In the proposed method, data uncertainties are modeled using Figure 1 : fuzzy numbers, and all plausible system states encountered as a result of the expected uncertainties are provided. Figure 1 shows a voltage profile calculation result with only estimated feeder node loads and a voltage measurement at the substation.
For building distribution network models, utility company may have precise data on line constructions (conductor types, spacings, heights, etc.) but far less definite data on lengths and the locations of laterals. For example, data on transformer locations are often in the form of density estimates, e.g. KVA/mile. Feeder load data required for voltage profile calculation is often estimated by using past experience and historical data. Therefore, data involved in distribution network analysis have various degrees of uncertainties. Two useful approaches for modeling uncertainty are:
Stochastic approach: In this approach, data are given by their mean values (mathematical expectations) and by their extreme limits of deviations (errors) from mean values, i.e., the probability distribution of all uncertainties are assumed. * Unknown-but-bounded approach: In this approach, only limits on the uncertainties are assumed, with no assumptions about probability distributions. This approach can be extended to include information of confidence levels of the data within the limits.
In order to take into account the effects of uncertain data during simulations, it is thought more appropriate to enquire as to the range of all plausible system conditions that would be encountered as a result of expected uncertainties in demand and system parameters. From this viewpoint, feeder loads, network parameters and the calculated feeder node voltages are characterized not by unique values but by ranges of values, i.e, by intervals with confidence levels. In this paper, an iterative procedure that involves fuzzy arithmetic is used to compute feeder node voltages. In the proposed method, data uncertainties are modeled using Figure 1 : fuzzy numbers, and all plausible system states encountered as a result of the expected uncertainties are provided. Figure 1 because of their complexity, nonlinear nature, and size. On the other hand, artificial neural networks (NN), which emulate the structures of biological nervous systems, have many properties that make them suitable for real-time power system applications. The development and application of neural networks for combined control of capacitor banks and voltage regulators in a distribution system is described. The control is optimal in the sense of minimizing system energy (12R) loss with the constraint condition of maintaining all bus voltages within standard limits (±5 percent). Given the loading of the distribution systems, the problem is to determine the tap or switch states of the capacitor banks and voltage regulators such that the cumulative 12R loss of the whole distribution system is minimized without violating standard or specified voltage limits.
The general principles of NN design for the specific problem are described. While the number and values for the outputs of the NN is decided by the controllable devices, it is important to select the input variables that contain enough information to solve the problem. A three layer architecture for the neural controller is adopted because previous studies have shown that this structure is sufficient for generalization. It is also important to select the training data that reasonably covers the whole input-output (1/0) spaces of system operation. Finally, the local minimum problem for the back propagation algorithms should be avoided during the training process. Unfortunately, there exist no systematic methods that guarantee a global solution.
A NN controller for a radially conFigured distribution system with 30 buses, 5 switchable capacitor banks and one 9 tap voltage regulator is designed based on the above principles. For comparison, two different input sets are used. The first input set uses P, Q and V from 6 measurement points in the distribution circuit. The second set added the 6 output variables as its input in addition to the original input variables thus providing feedback to the neural network. The hidden layer has 13 nodes after a trial and error process. The training data is obtained by equally dividing the maximum load into 13 levels, and then solving the optimal problem with an exhaustive search. Since the 13 pairs of I/O data can not train the neural net satisfactorily, a data expansion approach that expands the 13 pairs of data to 3744 pairs without increasing the computational complexity was introduced. This is based on the fact that for a given load level, there is only one optimal solution corresponding to all possible tap states of controlled devices. The Monte Carlo simulation technique is used to test the neural controller. Five different load patterns ranging from a smooth sinusoidal curve to a purely random sequence uniformly distributed in (0, 1), and four levels (0 percent, 25 percent, 35 percent and 50 percent) of load distribution deviation on each bus are considered in the simulation. The simulation is executed on 12,000 samples over all the 20 test cases. For comparison, the true solutions for the 20 cases are also calculated over a smaller sample size. The results show that energy losses for the neural controller is not significantly larger than the true solution's, and there are some occurrences of voltage out of bounds when the load and distribution deviation is large. However, the frequency of this occurrence and the values of out of bound voltages are not very significant as shown by the statistical data. The simulation also shows that the neural controller with feedback can outperform the one without feedback.
In summary, with fewer training data obtained from the optimization process, combined with the training data expansion approach, we built a relatively good performing NN controller that otherwise would fail if using the original training data set only. The results show that, proper selection of the input variables and training set that covers the 1/0 space of the system being modeled is important in building a successful neural network. Distribution system reliability assessment is concerned with power availability and power quality at each customer's service entrance. The authors have developed a new analytical method for distribution system reliability assessment. This method is able to analyze the sustained interruption profile of a system without making limiting assumptions concerning switching systems, protection systems, or individual component behavior. This method, called Hierarchical Markov Modeling (HMM), decomposes the reliability problem into three levels according to system topology, protection system behavior, and protection device behavior.
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In order to determine the reliability of a distribution system, it is necessary to examine the interruption profiles of each customer. If the expected interruption frequencies and durations are known for each customer, basic reliability indices can be computed. Unfortunately, it is not practicable to look at each individual customer and directly determine these values. This is due to complex interdependencies between switching action and protection system behavior. HMM addresses these issues by creating a primary model based on system topology, secondary models based on integrated protection systems, and tertiary models based upon individual protection devices. Once the tertiary models have been solved, the secondary models can be solved.
Solving the secondary models, in turn, allows the primary model to be solved and all of the customer interruption information to be computed.
Distribution system reliability assessment using HMM has been implemented in a software application named DS-RADS (Distribution System Reliability Assessment and Design System). This Windows based program obtains system topological data from an existing utility database and assigns user-specified default values to all component reliability data. The program then allows for customization of all data. Reliability results can then be obtained on a system level, a feeder level, a customer level, or for any user specified set of customers. Results can be displayed numerically or graphically. DS-RADS has been used to analyze an existing utility distribution system and to explore the reliability impact of several design improvement options on this system. Value based planning in distribution systems has recently been receiving more attention due to increased investment costs and the necessity to quantify and justify the reliability levels in a system. From an economic perspective, any reliability criterion, and the resulting design, should be based on the cost of providing extra reliability by changing one or more of the system parameters versus the benefits accruing to society from the additional reliability. The factors of reliability, system costs, voltage quality and losses are directly related to the network configuration. The financial justification of the solution in each sub problem is related and therefore these factors should be considered in an integral evaluation. Many of the existing methods
